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ABSTRACT 

PURPOSE: To provide a photovoltaic element for which a highly stable 
electrode material can be used and which has a high conversion efficiency 
as an organic photovoltaic element. 

CONSTITUTION: In this element which contains a part composed of three 
consecutive layers of an electron accepting organic matter layer (I), layer 
(II) in which an electron accepting organic matter and electron donating 
organic matter are mixed, and electron donating organic matter layer (ID) 
between the two electrodes, at least one of which is translucent, different 
kinds of pigments are used as the electron donating organic matters in the 
layers (II) and (III). 
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iwmm i ] '>ts. < t fc-#A*g$t&T-&<& 2 :?©m 

®©|B](C. t!i?SSftW<tfe/S (I) tfB^gStt** 
«Httt^»-*tt#««lH©fi^ttl6C**JB (ID t 

m^^ttirattH am oa8jtfc3oojB*»6tt 

SgSa-e-^tf^Em^^tfe^T. @ (II) \Z$£tl 
**?-ft*ttttR£IB (HI) 4>R?0t«tt4M0tJUI 

[fg*«2] jb cm iw^sn^m^-^ttifestt® 

(III) ©*?«^ttH#ft&*jfc»*«£*rr*lH 10 

[H8*J13] m (II) fc-SSnsflfrf-flWHtttRilH 
(III) ©«^«*tt««*t*n*tl7^n5'7=>« 

[*JR3I4] 1 (ID C***l***tt*ttttR&IEf 
(III) ©R*^ttttH#*tt*h«.fcfcJWtJW:* 

SEfcHMMWl 2 CBWOjfcStta*?. 20 
[M$fl 5 ] >pli< t*>--fitf&fttiiT-3bZ> 2 5«S 

IW£tt?tt4tt*IMfeR®flfrttBK:*eB (ID t 
«*«*tt*«»IH (III) ©»RLfc30®JBa>Stt 
1 (ID C**tt*«*«4ttttR£IB 

dm «mb? «#ttM4fraoam-?*«3tiBtt« 

tt**ttR4tt^«*tt**«ROB*««fc»*« 

(in sJdicEiEsnfefs^s^tt 

ttR^JctflB^ft-frttttRftWWlCiRRS****. £fc 30 
[0 0 0 1] 

[^^©fJfflfrSF] *5BWtt. >1rtH= 
tO O 0 2] 

a. 7=e^77^©s i Ti£M*<rai2:snTfr>&& 40 
m.) ic^-r*3H-ftfj&5fcj6, ^^^^©is* 

fc*S£. &*©Kft©tftl£?©g&8i¥©BA©RRtt 
[0 0 0 3] 1 ) -> 3 h*-&£3;JtttM I Sgitite 
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B**fttm&LT;taS'7=:'Jftft. 7^d^7^> 
A 1/^D->7Z>/Ag$ 
Tlz%in 7 8 raW/ c m ! ©efc3fc!»iltTfflft3i* 
0. 7 85 (V„ = l. 2 V, J„«l. 8mA/c 
nr. ff = 0. 2 5) a*«fcS*lTl>*. CA. K. 
Ghosh^J. Appl. Phys. 49. 5982 
(1 9 7 8) ) . ^©^-fyrofflCffll^ftTUSW 

S. fiEoT. llfflfeA 1 , In, Mg$©f£$HR 

[0 0 0 4] 2) n9&£^#/p£tt&|MM*$d' 

n SJRH¥»*/ P B*B****ttft L-fc t * C± U 
•5l*9K«a»€f"JfflL.fct>«5. nS^tl/TCd S. Z 

7->&$k 7 * P y7Z>f*5f ( 6$nTU5. IT 

->/Aujg?»C^-f<&7 5mW/cnf©AM-2# 
K«#TR»J»*0. 2 2% (V„ t = 0. 6 9V. J s[ = 
0. 8 9mA/cm ! , f f = 0. 2 9 ) jMftJSnf 

[A. HorSApp 1. Phys. Lett. . 4 
2, 1 5 (1 9 8 3)). 

[0 0 0 5] 

3) #*/#*'\?DpnttfcSfiJfflLfcfe© 
€lc£C-5fla#6fiJfflLfcfc©. 

[0006] tttowaatiT?7*-f nfj->. 

^fM-ftUyh, fcT'J 'J £*«©»». 7 5A>7 

•>7->Sk*Mff*t«RStlT^-6. 

[0 0 0 7] ITO/'Si7^D->7x>/'<'J^>M^ 
/Ag^lC*f-r-5 7 5mW/cm ! OAM-2fflM 
T-SE^$0. 9 5% (V„ = 0. 4 5V, J lt = 2. 
3mA/cm ! , ff = 0. 6 5) #?8{&2ftTU5 

[C. Tang Appl. Phys. Lett. . 4 

8, 183 (1986)). zomtGmi&m^ityt 

««*«?■?««»© t»©T**. fcfc. HtBWtC: 
<fc***&PH 6 2-4 8 7 1 (Ctt, *3?-?JI?J3cT8lJffl©'* 
UU>«»«C»LTR«ja*lX (V„ r = 0. 4 4V, 
J S c = 3. OmA/cnr. f f = 0. 6) tffS&Stl 

[0 0 0 8] SSIC. R^SStt^rRtt/lB^ft^tt* 
«4*'\T-Dtt£S5ERSiarT. **SStt*««WB£flB 
?K*tt*««JB©raCH#©fi£H*Kttfc«&CO 

[0009] no/^.<ju>mny^>)u>mn+m 

4l75'Dy7r.>/iii7i'nx7r>/AulKf 
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1 0 0 mW/ c m : 0*!H8tTSE*«l* 0 . 7 
% (V. e = 0. 51V, J lt = 2. 14mA/cm\ 
f f = 0. 4 8) #$R££*lT^£ CM. Hi ramo 
to6Appl.Phys.Lett. , 5_8 . 1 0 6 
2 (19 9 1)]. 

flycofcottSttjtma (j*c> ic&aT&a* ffi&a 

¥ 5 Xfl&SHPTtt 7 5 mW/ c m : oefe5t88Wt» 

U ^&<it>l OmA/cm^JscMvgTSoc 10 

[ooii] St, f f #/ha^«w**t>. f foes 
h 6 ft*#. se*tt c ft 6 0A-c+#te#*»«ft a nr 

[0 0 12] SlCiffl^^i:. «ftSftT^S««JfeS« 
SBTTHL «B*»0fl^«tt0JftT&BB#* 

1) ^ayht-MitliMISfi** 
V.,fifcfc*<fcft*rt«. BBfcLTfcBWhWH^&ft 30 

£<T*>30%> B«ttl 0SSfl9ffeT»*. * 
fc> CftSOtt»ttB»flsttt£LV». tt^T. 

[0 0 13] 

2) M*8#/t«*8#^D pngft 

t lit ffiST-ft^nsfc*. »3te«© 

Bit. *«JHtt*-OttR^6»*Sft 
4 0 0*S«Atf 8 0 0 nm£T&^ft!ftJK£fc 40 

»KBft*t2B*&t>. 
[0 0 14] 3) ttS/WS^Dp ni££ 

T**. BBBB* 6 ©JfcBttWx*.. *fc. 2«<D*T 

t«foo &PB. «Ji£0TangC«fc*«eTtt4,5 
0-5 5 0 nmWJ U>JRflItt* 5 5 0-7 0 On 50 
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mtliS7 5^ O y 7 - >T'?1i WtfS ITt^ C t 

4*UTl>*rt»ffiff#**fr>£tt56aft*, L*>U 
Tan gE<0ttBtt*OXjftfc*rUTli*. 
[0 0 15] l-p*tt#«B©IPa^Sl^t» (3 0 0 
-5 0 0A#B*U»Cfc#»»cefcaftTU*) . 

K>*-;wcJ:*tlLtoft5 2'5«)«BIIB©Btt* t Jt*S[ 
»]K^«»TB»&ft*. TangKco^^OlEtsSra 
ttO. 1 cm 2 ifcoT&Q. BttJBTOBB (Icnf 
SUbft&K) tafttfiW*0©rt±**BBttt*. 

[0 0 16] 2:3*ttttff;im«>IHBT*a. tt<D»W 

»jfioBx«w«, *r«iH&acLfc«^««T 

ttV„3&«BT-rftfc»*ftTli4. :fttt*-Sy>» 
B3W»fti3ftfc*:»Jt»E*ft*. 

ft*. *fttt> 

6*Btttt*B*3fi«ISt^B**6*6T**. *B. 
ftffWcttln, Ag, Sn, A 1 tfMSaftTV**. 
CftSttT^Tffi{taftgt>*><DT*S. 
[0 0 17] 3 0#><hLT* COHifSSMfifttl 

*Stf*«fc£«#«ftaftT*D- B?ft4tt*«tt 
£ UTte? * P yjrm /Dv7- 
ftaftTHS. ESftT^S»»A««?SStt*«tttt 

fifi«(Z»5t!SSES: *T LTt><&fc*«BT*B*£*>1* 
3i*BJ6«ftTL*5. *&. WtB2aott?S8tt*» 
tt. B^WHtWBttTiWBBtito^WBT****. * 

[0 0 18] B***tt*BttBfcttT**tt* 

^«lS^^tt*a*tt*6ft«)fcOO«?S^tt« , *tt 
**tfB?B*tt*B*©B**iCBLTJ4fle*fcB« 
fcB*aftTL«. £fc> «*£«tt#«tt»fctiff 
ft*tt*ftttR0>fl*fl. *J:tf****tt*Btt*B 

Btttft*B^BC3tS±CB*a-e:*i^5jiSTt>=F 

[0 0 19] 

[»W#»i*L±:>fcT*BH) *»«©l»lt BX 
ttCDBV4BC AttBfcttB U SttEttO»V>«B«» 

[0 0 2 0] 

7tttT^o2^>com^coni c i(c. a^asttWBisB 
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svimzsbzis (id tm^j^ttffBttJB cm) © 

Sfctt»C**IB (11) fc**«*tt*«ttJB Oil) 

*muz>m?&*tew&z-£Gtz>ztiz£ o paws 

[0 0 2 1] ECCO»&5«?K#tt«»HOa** 
*». 7^P->7->«»t^i'U F>«H$&ttJMI 
<D79 a i/7->m$m&it>W£ L < . SfcSCMffiS 

? d •>7->SfcH4'i^Si: UT 2 ffl©fcjB£Wr* 
7*Ox7X>£$.kM5£LT3lil5©&IE£WTS^ 

t LX 4 ma&mZftTZ 7 9a ->7r>, ®7^D-> 
7 r >®£to<«p-£>£IS b LT3 iI©£IE Sr^f -5 7 ^ D 
v 7 =. > £ «f-L^JK t LT 4 ffl©#Isg£i3 T -5 7 ^ D -> 

(II) ©Mi£<i:LT. ff&Rffi3»£®K£8*. **l 

[00223 (Sf?#ififc) *5ew©3te*»Sf^ o 1 ^ 

©HjW&T'fcoT'feiV*. Ld>U S?SL^©Uill© 
TH2©fc©*«|StfS*l*. C©«Sfi£©t*®«j§ftttn 

aia«iu»#JB3»<if a* tifc 1 1 \zh i> . immm 

lift<« *fcHloe^tW»lC*«ftJS©IBt»KJ#4: 

0 2©#a<m«fcOfcJUff&'$i3:£-¥a.5. 
[0 0 2 3] (Aff) ±SB. B 1 *»6H 2 ©**?## 

^taSfHOS^ttSSIdft^ffl (ID C*N»TW#©7 
xJUS U"W©aw::J:t>T4f *RBrfl5&fi»«ffJC 

•5. 8£oT. C©SlCHA»(3^<©^SJjiLKJR$n 
T5l*lfiHtt#©**S«©*+ 'J TR&flStlfi^ftStt 

*m&ib (i) . (in) ©m^Rtf 

K^ttff^KroE^flcJSiw*^® (ID irfi-fflSn* 
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ft© t c 5 -E-ti-en©^ icjiWfe»»stf tt^©gmtt 

^. KH^©«S«TOlCftoT^^«t^. ft 

igtl^SH 1 ©^^ (n) te&KlCcfcoTSSfta. 

[0 0 2 4] 

[SI] 

„ (%) . V^xj^.cXf f X10Q 
[0 0 2 5] JtlttCfcHT. V.,ttWttll*OfflE. 1st 
10 RB8 ; fB#<DmJl-'ltffilib^©S?S:^'r(IT-«5. P i n 

isjjttt. Voc. Jsc. f f 0*ti?mmtiavtzz\t\z 

ZZbiDX'&Ztf* *rOW&\tm&<Z>tZ\ZW*>frlZtl. 

[0 0 2 61 i . **sett*«ftRfcm*ft-#tt*rtt 

«)H©fi^!llCfe-£.S (II) Srffl^fc^m 

(a) «re*tt#«ttd:tt^#t*tt*tttt*ffi&Stf 
■5 :tC. *t»B3©StttCi 0#»gttll!4»&©* + 'J 
7£f£a<X*lK7l'y?*S::frLTjgC0. 

20 ?J<iaj±L,fc. 

(b) 2&®J*ttft<R&«tm(CJ:Q. tB'FS&ttWtS 

WHt^flfrWtirwftnoa^ttttcftftJH (in © 

[0 0 2 7] ( c ) 2 a©ffil«!Hfa&«ft&**r»U: J: 0 . 

*re«tt*«*»ii6?flWtt*«ttH©s£ttBfc 

£3 IS (II) ©EGHfcW^fbU 3£©®:«t&©iBiina s t> 

(d) 2S©SSa^*Wi««»l-«tO, 
30 «i«^JWt*««hH©a*«»lc*«)B (ID 
©*rfcfc««»K:*<bU *r >J7±&m<ft±Vtz. 

[0 0 2 8] 2. IB^SSiHrflttiHttt^ft^tt** 
«H©a^*0lC»*H (ID C^ttiSS^ft^tt* 
««S*ilX«?»#tt*rflWWH (in) ©m^<ft-%-it 

(a) 2ffl©H*-5!RiR€Wr-5m ; ?W#ttWtSi&lCJ: 

[0 0 2 9] (b) 2m<D&tL%X*)l#-l>«.)l$:G 
40 T-5«^«JWt#»'»C±0. *^S8tt*«ttRfc« 
?-«4it#»«lH©«^«»C**ffl (ID C^Sft* 

4tt*«ttH (IID ^©m^-5-1± ; t^ ! fe^+ J f 'J 7 

7»SS^7»«I6|±L.*^ U 7*JSS©J»lCt3&*<-3 
fc. Sfc. +^U7^B!)fil*<±A^3* J r , J7©5fef§^ffi 

[0 0 3 0] •AiZ±m^%®&®WL®Kt-%.?&5-ft 

*««a©a&tt*c**H (id <tia^8i4tt^®ti 

50 1 (III) C«Sn4»&**T«4tt«H©ffl**# 
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jWFSU*. C By S £ L T ttKTO C <t ^flifflS £ n 
[0 0 3 1] 7^Dv7->8S^t^^'J H>«» 

Ti 7^P^7->T»4LfcjE3FL*^l«lia<*^^U 10 
f 'J 756*tft»0!)*«»«*«aj«SnT^*?IfiBtt^ 
[0 0 3 2] Sa<57^P5/7->HflB«©a 

m^-friw^ o»jtSffi«©3 > h p-;w**rttT**fc 
#>£*«£ft£ a *fc. *<b*BaBKd<jta:*&'frtt 

i4K©ifti: J: 0 ft*fc«n?** 6 ft 20 

>R^iB7^P^7->^«i:C0 2fiffiCD7^P">7->T' 
t4£fc*ft'K**5 7 0-7 2 0 nmT$^©i:*tL. 7 
*>A^PP7^P>7— >ftifC03flBC07^P5/ 

5<7— >T?tt6 3 0-8 5 0 nmT*S, 
[0 0 3 3] *KW©»E*:J-£U HXt^tttLT 
fcL iMWUHX 2. 

X 3, 4, 1 1 30 

PKt^'JHX 3. 4, 10. ll-fh7^D^ 
*^UKX 2, 4. 9, ll-fh7^Mt^ 
•JFX 1, 2, 8, D-fhS^nA+WUHX 

1. 2, 4. 8. 9, 

X 2, 4, 9. ll-fh77'DAWJHX 

2, 3, 9, 10-fh7?PAWJH>, 1, 
4, 8 T ll-fh77DAWJF>, 2, 4, 
9, 1 1 -? h77JI/^-a^^U KX 1, 4, 8, 
ll-fh97*#DWJH>. 2, 4, 9, 1 1 
~fh73-HW^'JK>, 2. 9-3;****** 40 
UHX 3, 10-y^*WJK>. 4, 11- 
y^fWt^UHX 3. 4, 10, 1 1 -fh7J/ 
fMt^UFX 2, 4, 9, ll-rh7^fM 
WJKX 1, 2, 8. 9-fh7^fMWJK 

X 1, 4. 8. H-fh7^fJW^UH>, 
2, 9->7h^^t^'JKX 3, 10-:x*h* 
y*ti^UH>, 4. ll-^h*->*t>'JK>, 
2, 4, 9. ll-fh^/h^y^t^'JH/, 1. 
4, 8, 1 1-t>9* h*->**£«J F>«#*tf 6 
ftoo 50 
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[0 0 3 4] *5e9JOM3B7^P->7^>ffl»«)'5 , 6» 
c t 3 'L^M^2ii07^D->7^><!:LT{4. JH7*P-> 
7~X 3E»7*P->7-X I^;i/7^D*>7Z 
X Si>7^0y7->, ,: 7^'>^A7?D'>7- 
X Mlti7^Dy7-> t l»flaStt7^D->7= 
X «7*Px7->*W*a. 4 I i^E#3I«)7^ 
Dy7->ttm 7i^-Wi?D07^Dy7l 
X 7J^-^A7WP7^D->7-X 7*5 —9 
A7 r DA75 ? Pv7z:>, -f >^^Zk^d;I/7^Pv7 
- X -f>y7A7 r DA7i'D->7->. iSWi*9U 
□ 7^0y7-X *iR<b7^5r.^A^PP7^P^ 
7— Sfc+C^K^4«<^7^Df>7r:> ( hL 
T«, A'ty^7^Dy7r>, ^Zjl/7^ny7" 
>«ftWMf Sft*. 

[0 0 3 5] *«c±E«?S*ttttHi« : 3 l «4tttt» 
OB&RBCftSB (II) ©»*35rttlC«LTtt, B£ 
ttffi*S0Jffi«*K -fft^ft»«ttffi^6fl!>Ra*3S 

aTaacfcttBfcBftcctT**. #»<Dfift*fli 

Tt>*. L*U SKB&0£0t*6»B4 
7'D : £7>h7>fD>i7^Uy7Z>W) . 

u im«ft«ftJ|ittttB»&cDi($AS«tta. juris 

OftiftSftBTSStf. B#lc;&tt5«U»BBrtf«*<« 

BAttttfr&0X£»&&i2. 2t^f^a)s 

*-»C*»Sft*W«t3ft«*0, 

^.(f 2«io8m$9ie£fcttsfettssii»csff. b^l 

ffifcfcSfi (ID Tte3 0-1 0 0 0 ATTEST**. 

T & « jM»T© C £ tL 6 ft* . 
[0 0 3 6] 1) SKS!i*6ai± 
a) aWB«£L,Ttt, If lTO«ft7xJRK 

KtLT^lin. nB»B*B*B##lFr*i, 
a««B/ nffiSB¥WtWB> nBBB*WWB/«* 



( 6 ) 
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[0 0 3 7] b) &S&<Dm&%\&<TZ>Ct&T'gZ>tz 
[0 0 3 8] 2 ) 

a) inH0l7';V0M (ITO*fflWtl 

b) WjLtftt««tt*»»Bti;>*-iW t #«EUT 

[0 0 3 9] (*4>tt0tt*h KIP) 20 

2) S^IBfi 

■Mfc*x*r>v*A (i to) , Rftxx, mt^y^ 

9A»*«ffl^6n«. «F*L^J»Sttl 0 0-1000 
OA 

3) nS!4Mgffc/I 

>*TBfeftJEfi. CdS*#ff*Ui. 30 
0 0 0 OA 

4) «*S*tt#«ttJH 

****>»y-f s^!/-**^ &m*;>m®. j 

C9&F42. 4. 7-hU-hD7MI//>, fh7'> 

-3 0 0 0At*^> o 
[0 0 4 0] 5) «*«#tt*BMB 

^□y7^/ifk <>v3\ tt-ovi&mn (p 

igment Blue 66, Pigment Vi 
o 1 e t 3 6» , ^□•>7->lt'&ft, 
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»J>fc*«. MJ7x-JM^>ffc^f, HJ7x_* 
7 5>ib&1*»> . tf'Jfcfa-;k #«J7-U>, #U 

*tt#ttfftt*JBTttaSfcJBWtt5 0-3 0 0 OAT 

[0041] 6 ) warn® 

Au. Pt, Ni, Pd. Cu, Cr. Ag*©tfc55B8 

j&JPte5 0-3 0 OOAWslK 
[0 0 4 2] 

T3o 

^<^l3tIT0^7X MMffSK. 3 0Q/O) 
±IC. ffi^SStfettHJB (I) tLT^UI/>rh7^ 
JW^fcv^JM'S KM* (PL-ME) *»4 0 0 

t«-7-ft*tt«J!H«)fifirttliiw**)B (ID tUT^U 
l/>fh7^M>i^fM5H«fi (PL-M 
E) 4:S4K©7^n->7r> (H,Pc) £SiJ<£$5S 
K*6W»JC*J8S-fr, ***CJ:D»2 0 OABtt, 

7->7f»*f?UH> (QA-ME) £ 
«a»*»Tfl94 OOAWt, *©±KIfcSJ(fiS5*L 
fc e I TOifttf&rWKttO. 2 5cm : £Lfc. 2 

[0 0 4 3] C©«fOITOBl:, 7 5mW/cm ! 
CDfififtfcJKStU&rt* 1 ^ 6mV/sTiS5IStt5fgEE 
^WLT^^^fflll^Lfc<i:C5V, ) c = 0. 3 8 
V, J 5C =1. 95mA/cm ; , f f = 0. 3 0 itt 

[0 0 4 4] jtttm «iswnc»-r*t>©> 
**« i ©m^R^ttttaiH (in) £2, 1-9** 

»+t>yH> (QA-ME) <Dftt)0<wai&JB©7^ 
D->7-> (H:Pc) Sffl^T»4 0 0A«fi«*T 

tWfiLfc. V of = 0. 3 6V, J >t = l. 

7 8mA/cm ! , ff = 0. 2 7 &ftOXtfttt*0. 

i 7 ss-esiigM i ictt^ws^^ftuiiTftpfc. 

[0 0 4 53 Hffi{*j2 

£<i5fcTf>Lfc I TO#57, (©KKSH, 3 0Q/D) 
±lcS«affi«2 5 0X:X\ «A#XtLT7^=f>€r 

5 o oA«D»s-cB«tfc. ^o±{c, m^s^tt^a® 

M4 (PL-ME) £#J4 0 0 AfcJBSTJSffiKtfU 



( 7 ) 

II 

tfc!S(C6S/S (II) tLT^'J U>T-h-7*;U#>Sjv 
jtf-JH' 5 Fffift (PL -ME) <h*MB©7:5'D->7 

-> m.Pc) zmaMftm^fflmzmmit* & 

(III) iL-T2, 7->^^WJF> (QA- 
ME) &&$ffi®T®4 0 0 AsSH. -?-©±IC£££.£ 
stir L fc. I T O t&tffcTilSiti 0 . 2 5craiL 
tt. 2 OVTdmzm^-Z h twT U - 0 tttt 

ft. 

[0 0 4 6] C©*?© I TOMlCv 7 5mW/cm ! 10 
©e£ft£!I9tL&#<=>, 6mV/sT'J§?i$n-o-3iE 
fcftJOLT^&^fcffljgLfc^SV.^O. 5 4 
V, J !t = 2. 2 1mA/cm ! , ff = 0. 4 8 tU 

oKWiiftmo. 7 6%A!fif,tit. 

[0 0 4 7] HJE0<J3 

jtsw 2 (om-^^mnm an) <ttT^5"jH 

> (QA) £K-£«T*-]4 0 0 AaSttt^Wi^iEM 
2 t|WH$l^^^f^L. ^»££ji;i£Lfc. ^©& 

V ot = 0. 53V. J sc = 2. 07mA/cm : , 20 
ff = 0. 4 4 ttt 0 0 . 6 4 %7W§b*lfc. 

[0 0 4 8] Hfifiaj4 
**« 2 Ott^«*tt«»)H (HI) tLT-f A 
27nJK7*o->7^> (I nC 1 Pc) %m£M%iT-® 
4 0 0 A«ttfc£W4*lSW2 tn«caw*#«L. 
*jftJ»**WSUfc. *©8*. V„ t = 0. 5 1V. J 
st = 2. 1 3mA/cm ! , f f = 0. 4 6 fcfcOgifc 

fcLTtt*#fcfe©T*S. 30 
[0 0 4 9] 

ttK^J2 (^SE0»J 2 . 3. 4ld»t*t>fl)) 

*«M2©tt?tt#ttttRiB nil) zm&moyza 

->7-> (H, P c) TiS)4 0 0 AKS»8i&T?BHtfcBl 

fc. ■£•©&£. V„ c = 0. 4 7 V, J lc =l. 9 0rnA 
/era 1 , ff = 0. 3 9 tteVmimmo. 4 6?<!T 
S&0U2. 3, 4ICJt'<W&*»K:ttVMrr»-3fc. 

[0 0 5 0] JtlSflS 
HffiW 2 ©m? SStt^lSe (III) S^Ul/>fh7 40 
* >m v T^JK ( P L - B u ) T'iKl 4 0 

0 A*$S»-CRtt. «?S£ttttH£«*ft4ttttB 
©S-&«SIC*-5JB (II) tLt^'Jl/>f h7*M 

>w&7?)\"( s. mm (pl-bu) tm±mo7? 
ais7-> (h,pc) t9i<o$mm.^nmzmti 

tf . ftS*CJ:D&2 0 0 ARttfcElMi*«W2 fcH 



fc|IH¥ 6-3 1 8 7 2 5 
12 

l. jEuamacifc. v 

oc = 0. 51V. J sr = 2. 0 0mA/cm : , ff = 
0. 5 1 tfcOS&SftSgO. 6 9%A<#^nt. C©li 
(iWia^ig^^i: LTte7cg&*>©Ti&£. 

[0 0 5 1] JtCcM 3 (gffifll 5 IIJJTS *>©) 
^fiWSClB^K^ttttRJH (III) £iiSC7?D 
^7^> (H : Pc) £/8^TK£j8i®T-£)4 0 0 AK 

wfca«-tt«fiW2 £H«i;:*?*fisBu k&s»*c 

m£L1t. •?■©£*. V.« = 0. 4 3V. J,c = l. 7 
8mA/cm ! . f f = 0. 3 8 tU Q 0 . 3 
9 5 ICJt^Wfca^fi^ffiTfc^fc. 

[0 0 5 2] SHi§0iJ6 
SJSPJ 2 ©m^S^ttlSlRfg (I) tLX^)U>^h 
7i)M>iy7irMiW-*W (PL- I 
M) *»4 0 0Aa«-. **SStt«Rfc«*«4ttfc 
^©il'&tfBiC&SJi (II) i:WJI/>fh7M 
#>Kv7x-JI/'f 5*V-;MB& (PL - I M) 15 
mgtM^JS©7^a->7^> (H.Pc) 15mgs 
.f»*TS£ LfcSHi U 7t>#- 1- SfflUft 2 0 0 Ag 

L-fc. -t©e*. V oc = 0. 5 1V. J 
s «=l. 83DiA/cm ! , f f = 0. 49£&0£& 
%*0. 6lW^tlfe. ^©ffitt^itTtStlTJJll^ 
£LTtt*£&t>©T?&*. 

[0053] jttMu (snnwecarst)©) 

*«W 6 ©tt*«*tt*HIB (III) £*i£EB©7*D 
->7^> (H.Pc) fifflV»T»SaMfTfi4 0 0AR 

iBUgLfc. *©!**. V., = 0. 4 0V, J, c = l. 6 
3mA/cm ! , f f = 0. 3 8tl5;!)fM?0. 3 
3 %-C^tSPJ6 ICtt-cW^/iMCtS^fiST-g.-Dit. 
[0 0 5 4] 

[5gn8©2&jji] *£9]©%iBfB:b$?©SMR££&T£ 
iRTOtfcOT-i^.. «?£&ttttMMf (I) £« 

*J§ (II) &tt?ft4tt*ttttJB (HI) ©H^Lfc3 

(II) C**n*«T«4tt««tH (in) ©«*« 

... j st . f f fcLTS«r»«a«i*&*i, #m7tem?jK 

[0®©fiB*fe^] 

[Hi] *»W©*fi«*»?©-R#«©KWH. 
[02] H± 
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